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ABSTRACT: This study aimed to develop and evaluate the effectiveness of a Unified
Experiment-Based Exploration Sheet for Grade 12 General Physics 1, focusing on the topic of
kinematics. Studies have consistently shown that students experience misconceptions
regarding motion, velocity, and acceleration, often interpreting velocity as synonymous with
acceleration and struggling to distinguish scalar and vector quantities. The study was conducted
in response to the persistent low performance of Filipino students in science, as evidenced by
the Philippines’ below-average performance in the PISA 2022 assessment, and the continuing
difficulty of students in understanding abstract physics concepts and problem-solving ability
due to limited laboratory resources and traditional teaching approaches. Unlike existing
inquiry-based activity sheets, the developed Unified Experiment-Based Exploration Sheet
integrates standardized experimental procedures, locally available materials, and MELC-
aligned inquiry activities into a single instructional resource designed specifically for Grade 12
Kinematics. Using a research and development design based on the 4D model (Define, Design,
Develop, and Disseminate), the Exploration Sheet was developed and validated by four experts
providing qualitative evaluation and feedback. Fifty (50) Grade 12 STEM students from
Surigao City National High School using stratified random sampling participated in the
implementation phase. A 40-item multiple-choice test on kinematics was administered as a pre-
test and post-test to measure learning gains. Descriptive statistics and a paired-samples t-test
were used for data analysis. Results revealed that students’ mean pre-test score was 28.6 (SD
= 5.37), which increased to a mean post-test score of 37.3 (SD = 4.64), yielding a mean gain
score of 8.68 (SD = 6.61). The paired-samples t-test indicated a highly significant difference
between pre-test and post-test scores (p <.001), confirming the effectiveness of the developed
material. These findings suggest that the Unified Experiment-Based Exploration Sheet is an
effective instructional material that can significantly improve students’ understanding of
kinematics through structured, inquiry-based, and context-appropriate learning activities.

KEYWORDS: Inquiry-based learning; science instructional materials; hands-on
experimentation; physics education; educational material development
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1. Introduction

General Physics 1 is one of the specialized subjects for students pursuing the Science,
Technology, Engineering, and Mathematics (STEM) strand in Senior High School, providing
them with foundational concepts and thinking skills necessary for STEM-related courses.
However, Reyes et al. [1-3] highlighted the continuing difficulty in facilitating improved
scientific achievement across all grade levels within the Philippine Basic Education System. In
the Program for International Student Assessment (PISA) 2022 [1] Science assessment, the
Philippines scored 356 points, ranking 79th among 81 participating countries, with scores
significantly below the OECD average (485) and similar to its 2018 performance. This
indicates that Filipino students remain substantially behind global peers, often by several years
of learning, despite minor fluctuations in scores.

The abstract nature of science learning, especially physics, which relies heavily on
mathematics as the primary language for understanding concepts, further complicates skill
mastery [4—5]. Students often encounter difficulties in understanding concepts related to
straight-line motion, particularly in distinguishing and identifying quantities such as speed,
acceleration, distance, and displacement [6]. Likewise, Rohmah and Handhika [7] reported that
misconceptions in straight-motion topics are prevalent among students. Their findings revealed
misconceptions in several areas, including free-fall motion (44%), speed and acceleration
(21%), vertical upward motion (32%), distance and displacement (5%), speed (32%), uniform
straight-line motion (16%), and uniformly accelerated straight-line motion (39%). These
results indicate that misconceptions remain a significant challenge in learning kinematics
concepts. According to Kurniawan and Suhandi [8], misconceptions occur when individuals
are unable to properly relate or explain phenomena in their surroundings using the concepts
they possess. Misconceptions are described as understandings or ideas that are inconsistent
with established scientific concepts [9]. Misconceptions may arise from various sources,
including students, teachers, textbooks, learning contexts, and instructional approaches [10].
The insufficient availability of science laboratories and laboratory equipment in the Philippines
continues to be a major concern, particularly in relation to the quality of science education.
According to data from the University of the Philippines Diliman [11], 4,520 out of 12,390
high schools across the country lack laboratory facilities, while many existing laboratories are
not equipped with modern digital technologies. This deficiency limits students’ opportunities
to conduct experiments and participate in hands-on learning activities, which are essential for
enhancing scientific understanding and developing practical science skills. Additionally,
teacher-centered approaches exacerbate the challenges of learning physics concepts. Teacher-
centered instructional approaches often restrict student interaction and engagement, thereby
limiting opportunities for deeper and more meaningful learning experiences [12]. In addition,
studies have shown that assessment systems significantly influence how teachers design and
implement their instructional practices [13]. Furthermore, international reports, such as those
from the OECD [1], emphasize that the use of effective and well-structured teaching
methodologies is essential in enhancing student learning outcomes. According to constructivist
learning theory, students are perceived as unique individuals with varied experiences who
interact with their environment and construct meaningful knowledge independently. Therefore,
several strategies can be applied to shift from teacher-centered to student-centered learning
approaches.
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IPAS (Inquiry, Process, Activity, and Skills) is a curriculum that integrates natural and
social sciences. IPAS learning develops literacy and numeracy skills as well as scientific
attitudes, such as critical thinking, by allowing students to gain direct experience and practice
in a meaningful and authentic way [14]. While some activity sheets exist, they are not
systematically developed to align with students’ local materials and experiences. Using
experiment-based IPAS Exploration Sheets in General Physics 1, specifically on the topic of
kinematics, provides students with concrete experiences that foster a more meaningful
understanding of the concepts. Wulandari et al. [15] developed the Experiment-Based IPAS
Exploration Sheet (LEPAS), which integrated simple experiments and traditional games to
teach fundamental science principles. The study demonstrated that contextually grounded,
interactive learning media encourage participation, enhance critical thinking, and make abstract
concepts more tangible by connecting theoretical knowledge with real-world applications [16].
Self-paced learning modules have emerged as an effective strategy to address these challenges.
Avenir and Bacani [17] developed a self-paced module for General Physics 2, aligned with the
Department of Education’s Most Essential Learning Competencies (MELCs). The module
targeted least-learned competencies and was validated by experts in content, instructional
design, and technical quality, receiving “very satisfactory” ratings in all areas. Integrating self-
regulated learning (SRL) principles such as goal setting, reflective thinking, and learner
autonomy enhanced cognitive engagement and facilitated mastery of complex physics concepts
[18]. This demonstrates that well-designed modular materials can significantly improve
understanding, engagement, and retention, even in remote or self-directed learning contexts.

Furthermore, teachers handling the same subject need unified materials to ensure
consistent learning experiences across all strands. Thus, a gap exists in the absence of well-
designed, experiment-based Exploration Sheets, particularly for the topic “Kinematics,” which
can make concepts more concrete, enhance process and analytical skills, and provide
accessible, contextualized, inquiry-based learning materials for Grade 12 students. This study
aims to develop a Unified Experiment-Based Exploration Sheet for General Physics 1,
specifically focusing on kinematics. It seeks to address the difficulties students experience in
understanding and applying theoretical concepts in motion, velocity, and acceleration. It is
intended to make abstract concepts more concrete through guided experimentation, using
simple and locally available materials to ensure accessibility in resource-limited classrooms.

2. Materials and Methods

2.1. Research design.

This study employed a research and development (R&D) design, which involves creating new
products or improving existing products and testing their effectiveness [19]. The framework of
this study is based on the 4D Model of development by Thiagarajan et al. [20], which outlines
four systematic phases shown in Figure 1: 1) Define, 2) Design, 3) Develop, and 4)
Disseminate.

Figure 1. Phases of the 4D model of development.
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The 4D model (Define, Design, Develop, Disseminate) is widely recognized as an
appropriate instructional development framework for producing validated and classroom-ready
learning materials, particularly in science education. Its structured and systematic phases
ensure that instructional products are aligned with learner needs, curriculum standards, and
empirical validation processes. In the Define phase, the model emphasizes needs analysis as a
foundation for instructional design. This is consistent with instructional development principles
that highlight the importance of diagnosing learners’ difficulties and identifying curriculum
gaps before material construction [20—21]. In the context of the kinematics exploration sheet,
this phase was used to examine DepEd competencies in General Physics 1 and documented
student misconceptions in motion concepts, ensuring that the material directly addressed
identified learning difficulties [6—7].

During the Design phase, the framework supports the systematic planning of learning
activities, sequencing of content, and alignment with instructional objectives. According to
[22], instructional design models such as ADDIE and related frameworks emphasize the
importance of aligning learning tasks with outcomes and selecting appropriate strategies to
promote conceptual understanding. In this study, inquiry-based tasks, guiding questions, and
structured exploration activities were designed to enhance students’ understanding of
kinematics concepts. In the Develop phase, the 4D model highlights iterative refinement
through expert validation and revision. Thiagarajan [20] emphasize that instructional materials
must undergo expert review and revision to ensure content validity and instructional quality.
Similarly, Dick et al. [21] stress the importance of formative evaluation in improving the
effectiveness of learning materials. Accordingly, the kinematics exploration sheet was
reviewed by experts and revised based on feedback to improve accuracy, clarity, and
pedagogical effectiveness.

Finally, in the Disseminate phase, the model supports implementation and evaluation in
real educational settings. Research in instructional design underscores that dissemination and
field testing are essential for determining usability and effectiveness in authentic classrooms
[22]. In this study, the finalized exploration sheet was implemented in Grade 12 Physics
classes, allowing for evaluation of its impact on student learning and engagement, consistent
with best practices in educational material development. Overall, the use of the 4D model is
appropriate because it provides a systematic, research-based, and iterative process for
developing instructional materials that are both pedagogically sound and responsive to learner
needs [20—22].

2.2. Sampling and participants.

The study purposively selected four experts to validate the Exploration Sheets. These experts
were composed of teachers handling General Physics 1 and master teachers with advanced
knowledge of the curriculum and content, ensuring that the learning material was evaluated in
terms of content accuracy, pedagogical alignment, and curriculum relevance. The use of expert
validators is consistent with instructional material development studies, which emphasize
expert judgment as a key source of content validity [23]. In addition, 50 STEM senior high
school students from Surigao City National High School were selected as participants for the
implementation of the Exploration Sheets. The sample size of 50 was considered adequate for
a classroom-based quasi-experimental pretest—post-test design, as similar studies in
educational interventions commonly use moderate sample sizes ranging from 30 to 60
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participants to determine instructional effectiveness [24]. This number also reflects practical
constraints in school-based research while still allowing meaningful statistical comparison of
pre-test and post-test performance.

Stratified random sampling was used to improve representativeness and reduce sampling
bias. Three STEM classes were selected, and each class was divided into eight strata based on
existing classroom groupings or student distribution. From each stratum, two to three students
were randomly selected, ensuring that participants were proportionally represented across
sections and minimizing the risk of overrepresenting higher- or lower-performing groups.
Stratified sampling is recommended in educational research because it increases sample
representativeness and improves the precision of estimates compared to simple random
sampling, especially when the population is heterogeneous [25]. The selected participants took
a 40-item multiple-choice questionnaire as both pre-test and post-test. Their scores were
compared and analyzed to determine the effectiveness of the Exploration Sheets in improving
students’ conceptual understanding of kinematics.

2.3 Research instrument.

The research instrument was developed using the 4D model (Define, Design, Develop,
Disseminate), a systematic instructional development framework commonly used in
educational material design [20, 22]. In the Define phase, the researcher conducted a needs
analysis involving the Most Essential Learning Competencies (MELCs) for Kinematics in
General Physics 1, material analysis, and learner analysis to identify common misconceptions
and learning difficulties in motion concepts. This process ensured that the developed
Exploration Sheet was aligned with curriculum requirements and addressed students identified
learning gaps [21].

In the Design phase, the structure and content of the Exploration Sheet were planned.
Learning activities were designed to promote conceptual understanding of key kinematics
topics such as distance, displacement, speed, velocity, acceleration, uniform motion, uniformly
accelerated motion, and free-fall motion. Inquiry-based tasks, guiding questions, and
experimental procedures were incorporated to encourage active learning and scientific
reasoning. According to instructional design principles, this phase ensures alignment between
learning objectives, instructional strategies, and assessment tasks [22].

In the Develop phase, the initial prototype of the Exploration Sheet was produced and
refined based on expert validation and feedback. Four experts in General Physics 1 evaluated
the material in terms of content accuracy, instructional quality, and alignment with learning
competencies. Expert validation is a widely accepted procedure in educational research to
establish content validity and improve instructional quality before implementation [23].
Revisions were made based on their comments to enhance clarity, accuracy, and pedagogical
effectiveness.

In the Disseminate phase, the finalized Exploration Sheet was implemented among
student participants and evaluated for effectiveness in improving learning outcomes. The
evaluation also included qualitative feedback from implementation to determine usability and
acceptability in a classroom setting. Dissemination and field testing are essential components
of instructional development models to ensure that materials are functional and effective in real
educational environments [22].
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To measure student learning outcomes, a standardized 40-item multiple-choice test was
developed and administered as both a pre-test and post-test. The test covered the core
competencies in kinematics, including conceptual understanding and problem-solving in
distance, displacement, speed, velocity, acceleration, and motion under uniform and uniformly
accelerated conditions. Each item was aligned with the MELCs and categorized according to
cognitive levels such as remembering, understanding, and applying. The test underwent expert
validation for content relevance, clarity, and difficulty level to ensure its validity and reliability
before administration [26]. Additionally, item construction followed standardized test
development procedures to ensure fairness, consistency, and measurement accuracy in
assessing students’ conceptual understanding [27].

2.4. Data collection and data analysis.

The data for this study were collected systematically to evaluate the development and
effectiveness of the Unified Experiment-Based Exploration Sheet for Grade 12 General Physics
1, specifically on the topic of Kinematics. First, fifty (50) Grade 12 STEM students from
Surigao City National High School were randomly selected as participants, while four experts
composed of General Physics 1 teachers and master teachers qualitatively validated the
Exploration Sheet through structured comments and feedback focusing on its content quality,
instructional quality, technical quality, and other relevant aspects. Expert validation is
commonly used in instructional material development to establish content validity and ensure
pedagogical appropriateness prior to implementation [23].

Prior to the implementation of the Exploration Sheet, a standardized 40-item multiple-
choice test on kinematics concepts was administered to assess students’ baseline knowledge,
and the results served as the pre-test data. The students then completed the Experiment-Based
Exploration Sheet, which included guided experiments and reflection activities designed to
enhance conceptual understanding. After completing the activities, the same 40-item test was
administered as a post-test to determine learning gains, and the scores were recorded for
analysis.

The collected data were analyzed to determine the validity and effectiveness of the
developed Exploration Sheet. Expert validation feedback was summarized to identify key
observations regarding content quality, instructional quality, technical quality, and other
relevant aspects. Descriptive statistics, particularly the mean and percentage, were used to
summarize and interpret students’ pre-test and post-test performance, as these are commonly
used in educational research to describe central tendency and learning outcomes [23]. To
determine whether there was a significant difference between pre-test and post-test scores, a
paired-sample t-test was applied, which is appropriate for comparing two related groups in
pretest—post-test research designs [28].

3. Results and Discussion

The Exploration Sheet was evaluated by four experts, including General Physics 1 teachers and
master teachers. Overall, the experts found the material to be relevant, practical, and aligned
with the Most Essential Learning Competencies (MELCs), particularly in introducing
uniformly accelerated motion through a hands-on ramp experiment. The activity was
considered appropriate for developing students' skills in measuring time, analyzing motion, and
computing acceleration. However, the experts also identified several areas for improvement.
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While the material demonstrated strong alignment with competencies related to constant
acceleration and kinematic equations, its alignment with graphical interpretation skills (e.g.,
velocity—time and acceleration—time graphs) was only partial. Consequently, revisions were
recommended to improve clarity, usability, and learner support. These revisions included the
addition of structured data tables, clearer formatting, safety reminders, and step-by-step
computation guides. Table 1 presents a summary of the expert validation findings and the
corresponding revisions made to the Exploration Sheet.

Table 1. Summary of expert validation findings and revisions.

Domain Expert Observation Revision Implemented

Content Strong alignment with MELCs Added a graphing extension activity to strengthen
graphical interpretation skills

Instructional Learning objectives were clear but required Added a step-by-step computation guide

Quality additional scaffolding

Technical Formatting and organization needed Enhanced layout, section headings, and visual

Quality improvement organization

Usability Lack of structured data recording tools Added structured data tables for observations and
computations

Safety Safety precautions were not explicitly stated  Included safety reminders and laboratory precautions

These findings are consistent with instructional design literature, which emphasizes
expert validation as an essential process for enhancing content validity and instructional quality
prior to classroom implementation [23]. To establish students' baseline understanding of
kinematics concepts, a pre-test was administered before the implementation of the Exploration
Sheet. The descriptive statistics of the pre-test scores are presented in Table 2.

Table 2. Pre-test performance of students (N = 50).

Statistic Value
Mean 28.6
Median 30.0
Standard Deviation 5.37
Minimum 18
Maximum 40

The pre-test results presented in Table 2 indicate that students had a relatively low initial
understanding of kinematics concepts. The mean score of 28.6 (SD = 5.37) suggests limited
prior knowledge of concepts such as displacement, velocity, and acceleration. The relatively
large standard deviation indicates considerable variation in students' prior knowledge. This
finding suggests that learners entered the class with differing levels of conceptual
understanding, possibly resulting from variations in previous learning experiences, exposure
to physics concepts, and existing misconceptions [29]. Following the implementation of the
Exploration Sheet, a post-test was administered to assess students' learning gains. Table 3
summarizes the descriptive statistics of the post-test scores.

Table 3. Post-test performance of students (N = 50).

Statistic Value
Mean 373
Median 40.0
Standard Deviation 4.64
Minimum 25
Maximum 40
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As shown in Table 3, students' performance improved substantially after the
implementation of the Exploration Sheet. The mean post-test score increased to 37.3 (SD =
4.64), indicating a considerable improvement in students' understanding of kinematics
concepts. Furthermore, the decrease in standard deviation from 5.37 to 4.64 suggests a
reduction in performance variability, indicating that students achieved a more consistent level
of understanding following the intervention. The reduced standard deviation suggests more
consistent performance among learners after the intervention (Figure 2). This indicates that the
Exploration Sheet helped standardize understanding by providing structured inquiry-based
learning experiences [30].
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Figure 2. Comparison of pre-test and post-test scores.

The students obtained a mean gain score of 8.68 (SD = 6.61) as shown in Table 4,
indicating an overall improvement in their learning outcomes after the implementation of the
intervention. However, the relatively high standard deviation suggests considerable variability
in students’ responses to the Exploration Sheet, meaning that while some learners demonstrated
substantial improvement, others showed only minimal progress (Figure 3). This variation may
be explained by differences in student engagement, prior misconceptions in kinematics
concepts, and their ability to adapt to inquiry-based learning strategies. In terms of normalized
gain analysis [31], most students achieved medium gains (0.3—0.7), while a smaller proportion
attained high gains (> 0.7), and only a few recorded low or negative gains (< 0.3). The presence
of zero and negative gains may be attributed to persistent conceptual misunderstandings,
possible absenteeism during the intervention, or challenges in adjusting to active and student-
centered learning approaches, as similarly observed in previous physics education studies [32].

Table 4. Learning gain result.

Gains
N 50
Mean 8.68
Median 10.0
Standard deviation 6.61
Minimum -10
Maximum 22
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Figure 3. Distribution of gain score.

A paired-samples t-test was also conducted to determine whether the difference between
the pre-test and post-test scores was statistically significant. The results revealed a highly
significant difference between the two sets of scores (p <.001) shown in Table 5. The computed
effect size (Cohen’s d = 1.31) indicates a large effect, suggesting strong practical significance
of the intervention [33]. The estimated percentage improvement was approximately 30.4%,
demonstrating meaningful learning gains. This indicates that the improvement observed after
the implementation of the unified experimental sheets was not due to chance. The hands-on
ramp experiment significantly contributed to students’ understanding of uniformly accelerated
motion. By directly measuring time intervals and calculating acceleration, students were able
to connect theoretical equations with real-world motion. This aligns with constructivist
learning theory, which emphasizes that learners construct knowledge through active
engagement and experience [34]. The activity also supported conceptual change by confronting
students’ misconceptions about constant acceleration and velocity relationships.

Table 5. Paired-samples t-test comparing pre-test and post-test scores.

Comparison t df p
Pre-Test vs. Post-Test -9.29 49 <.001
Note. Paired-samples t-test. H,: pPre-Test — pPost-Test # 0.

3.1. Limitations.

This study focuses on the development and validation of a Unified Experiment-Based
Exploration Sheet specifically designed for the Kinematics lesson in General Physics 1 for
Grade 12 students. The material is developed and intended to support inquiry-based and hands-
on learning using simple, low-cost, and locally available materials, making it suitable for
schools with limited laboratory facilities. This study is limited to develop exploration sheets on
the topic of Kinematics, other topics in General Physics 1 are not part of the development. The
pilot testing is limited to the Grade 12 students of Surigao City National High School of school
year 2025-2026. Results may vary if administered to other schools with different learner
profiles or instructional contexts. Student performance may be influenced by factors beyond
the control of the research, such as prior knowledge in mathematics, study habits, or differences
in teacher facilitation during the implementation.
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4. Conclusions

This study demonstrated that the Unified Experiment-Based Exploration Sheet is an effective
instructional material for improving Grade 12 students’ understanding of kinematics in General
Physics 1. The findings revealed a substantial improvement in students’ academic performance,
with the mean score increasing from 28.6 in the pre-test to 37.3 in the post-test, resulting in a
mean gain score of 8.68. The paired-samples t-test further confirmed a statistically significant
difference between the pre-test and post-test scores, ¢ (49) =-9.29, p <.001, indicating that the
observed improvement was attributable to the intervention rather than chance. The large effect
size likewise demonstrated the practical significance of the Exploration Sheet in enhancing
students’ conceptual understanding of kinematics. The results suggest that structured,
standardized, and inquiry-based learning activities can effectively support the learning of
abstract physics concepts. Through hands-on experimentation and guided exploration, students
were able to actively engage with concepts of velocity, acceleration, and uniformly accelerated
motion, thereby fostering deeper conceptual understanding and scientific inquiry skills.
Moreover, the use of low-cost and readily available materials highlights the practicality and
accessibility of the Exploration Sheet, particularly in resource-limited educational settings.
Overall, the Unified Experiment-Based Exploration Sheet represents a viable and sustainable
approach to enhancing physics instruction and promoting meaningful learning experiences. Its
successful implementation demonstrates the potential of experiment-based instructional
materials to improve student learning outcomes while encouraging active participation in the
scientific process. Future studies may examine the effectiveness of the Exploration Sheet in
other physics topics, such as dynamics, work and energy, momentum, and electricity. Research
involving larger sample sizes, multiple schools, and diverse educational contexts is also
recommended to enhance the generalizability of the findings. Additionally, future
investigations may explore the long-term effects of the Exploration Sheet on students’ retention
of concepts, scientific reasoning abilities, and attitudes toward physics learning.
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